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Surgical Techniquescan be visualized, the procedure should be undertaken
cautiously, because the aorta is located in a deep place be-
tween the esophagus and thoracic vertebra. The aortas
from which we harvested the adventitia were all normal
tissues. Adventitia from aortas with various aortic disor-
ders such as aortic aneurysm, aortic infection, aortic
wall calcification, and rare diseases such as Marfan syn-
drome and Loeys-Dietz syndrome should be excluded.
Constructing a no-treatment control group of patients
with high BPF risk seems to be a good way to show the
effectiveness of this procedure, but this is contrary to med-
ical ethics.
CONCLUSIONS
Bronchial stump or anastomotic stoma reinforcement
with aortic adventitia flap is a convenient and safe techniqueFrom the Department of Cardiovascular Surgery, Houston Methodist DeBakey Heart
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The Journal of Thoracic and Cathat is suitable for selected patients at potential risk of
developing BPF following left pulmonary resection.
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replacement: Decision making and techniqueBasel Ramlawi, MD, Kareem Bedeir, MBChB, MS, Colin Barker, MD, Chun Huie Lin, MD, PhD,
Neal Kleiman, MD, and Michael Reardon, MD, Houston, TexAmple evidence has shown that transcatheter aortic valve
replacement (TAVR) saves lives. The Placement of AoRTic
TraNscathetERValve Trial reported a 20%mortality reduc-
tionwith TAVR comparedwith standard therapy for patients
who were not candidates for surgery.1 This, however, was
associated with a 16.2% risk of major vascular complica-
tions with TAVR. This significant morbidity has led to the
development of smaller delivery systems and the use of
non-ileofemoral access sites. The ileofemoral route has
remained our preferred option; however, when unsuitable
or a high risk of vascular complications is anticipated, deli-
very through the left ventricular apex, subclavian artery, or
ascending aorta can be alternative options.2,3 We believethat many complications can be avoided through diligent
preoperative workup and planning to choose the
appropriate access site for each patient. At our center, we
have followed a specific algorithm for access planning
(Figure 1). We have attempted to describe our techniques
with the subclavian artery and direct aortic access for
TAVR, which has been used consistently in>40 procedures
(mostly with the direct aortic approach preferred). Our
experience was derived from alternate access TAVR
implantation using both the Edwards Sapien (transaortic
and transapical) (Edwards Lifesciences, Irvine, Calif) and
the Medtronic CoreValve (transaortic and subclavian)
(Medtronic, Parsippany-Troy Hills, NJ) devices. Both
devices can be implanted using direct aortic or subclavian
routes; however, only the Sapien prosthesis can be
implanted using a transapical approach. The use of the
following technical strategies has allowed us to avoid
major vascular or aortic complications. Thus far, no aortic
dissection or injury has been encountered using the
approach we describe. Characteristics influencing our
decision and choice of valve used are shown in Table 1.GENERAL PRINCIPLES
Decisions regarding the eligibility for TAVR, valve type
and size, and intended access site should be made by an
integrated multidisciplinary team. The procedures shouldrdiovascular Surgery c Volume 148, Number 1 353
FIGURE 1. Decision making for access route. MSCT, Multislice computed tomography; IMA, internal mammary artery; CT, computed tomography;
AV, aortic valve.
Surgical Techniquesoptimally be performed in a hybrid operating room, where
conversion to open surgery with cardiopulmonary bypass
will be possible, if needed. The anatomy of the aortic valve,
annulus, and root, ascending aorta, and the femoral and
subclavian arteries should be assessed preoperatively usingFIGURE 2. A, Incision sites for subclavian and direct aortic access transcat
different relations of ascending aorta to midline. 1, Subclavian access; 2, right
354 The Journal of Thoracic and Cardiovascular Surgvarious imaging techniques (Figure 1). Usually, the subcla-
vian artery will be free of any calcification or tortuosity.
However, the subclavian artery size has been a common
limitation in patients with small ileofemoral arteries. There-
fore, direct aortic access has been our preferred and mostheter aortic valve replacement. B, Computed tomography scans showing
anterior minithoracotomy; 3, upper J ministernotomy.
ery c July 2014
FIGURE 3. Ministernotomy closure using rigid fixation with titanium
plates.
Surgical Techniquescommon approach. Although transapical approaches to
TAVR have been well established, we believe that direct
aortic or subclavian access can offer a potentially safer
and more familiar access route for cardiac surgeons.
Antibiotics should be administered 30 minutes before the
skin incision. A 5F pigtail catheter is inserted through a
peripheral artery and advanced retrogradely toward the
noncoronary cusp to provide hemodynamic monitoring
and landmark angiography. A transvenous temporary
pacing wire is advanced in a 6F sheath into the right
ventricle through the femoral, subclavian, or internal jugu-
lar vein. The patients are heparinized to achieve an activated
clotting time of >250 seconds. Protamine is used for
neutralization by the end of the procedure. Angiographic
assessment for coronary obstruction and/or paravalvular
leaks should be done after valve deployment in all patients.SUBCLAVIAN ACCESS
We approach the subclavian artery in the deltopectoral
groove (Figure 2). The subclavian arteries of either side
can be used; however, we have found the left side easierTABLE 1. Characteristics that affect decision with current
transcatheter aortic valves
Variable Sapien Sapien XT CoreValve
Mechanism of
expansion
Balloon
expandable
Balloon
expandable
Self expanding
(nitinol)
Sheath diameter (F) 22
24
18 18
Minimum arterial
diameter for
access (mm)
7-8
8-9 (if calcified)
6 7 (if calcified)
Nonfemoral
alternatives
Transapical
Subclavian
Direct aortic
Transapical
Subclavian
Direct aortic
Subclavian
Direct aortic
The XT valve is of shorter profile geometry and ThermaFix-treated leaflets.
The Journal of Thoracic and Cawhen the aortic valve is >30 off the horizontal plane.
Through a 5-cm incision, the fibers of the pectoral muscles
are split and retracted. The subclavian artery is identified,
and the vessel loops are passed around. Caution should be
taken at this point not to injure the superiorly related
brachial plexus. The arterial anterior wall is punctured in
the center of a 5-0 polyprolene purse string suture, and a
0.035-in. guidewire is introduced into the ascending aorta.
A 6F sheath is inserted over the wire, and an AR4 catheter
is used to guide a soft straight tip wire across the valve. The
catheter will follow the straight tip wire across, and the wire
is exchanged for a soft J-tip wire, and the catheter is then
exchanged for an angled pigtail catheter. A baseline trans-
valvular gradient is recorded using the ventricular catheter
and the ascending aortic catheter inserted through a periph-
eral artery. The guidewire is then exchanged for a super stiff
wire, over which, serial dilators can be used to introduce a
sheath (usually 18F) down the ascending aorta. The sheath
can obstruct a previous ipsilateral mammary artery graft;
thus, very close cardiac monitoring is mandatory. Balloon
valvuloplasty is performed with rapid ventricular pacing.
The valve is then introduced and gradually deployed under
angiographic and fluoroscopic guidance. The delivery sys-
tem is then retrieved after a normal transvalvular gradient
has been documented. The subclavian artery is repaired
primarily, hemostasis is achieved under direct vision,
and the incision is closed in layers. Angiography of the
subclavian artery should follow to ensure vessel patency.
DIRECTAORTIC ACCESS
In cases in which ileofemoral access is not possible, the
ascending aorta can be used. Exposure is achieved using
either an upper Jministernotomy or a right anteriorminithor-
acotomy. The ministernotomy is performed through a 6-cm
incision with extension into the third space. The pericardial
fat is then dissected after insertion of a miniretractor. The
right anterior minithoracotomy is performed at the level of
the third intercostal space using a 6-cm anterior incision.
The pectoralis muscle is then dissected and the pleura
entered. The pericardium is opened carefully, and the
retraction sutures are placed to expose the ascending aorta
and the innominate artery. The latter technique provides a
smaller area of the aorta and carries a risk of pleural injury;
however, we believe that a minithoracotomy has more
potential for future advances and might be more suitable
for patients with patent coronary grafts. Also, a right anterior
minithoracotomy will be more suitable when the aorta is to
the right of midline, such as seen on the computed tomogra-
phy scan shown in Figure 1. The advantages of each approach
are shown in Figure 2.With either technique, the pericardium
will be opened and sutured to the skin to keep the field clear
from the pulmonary and mediastinal structures.
The longest CoreValve device is 5.5 cm in length. This
dictates careful planning for the site of aortic puncture tordiovascular Surgery c Volume 148, Number 1 355
Surgical Techniquesallow for adequate distance from the aortic valve annulus to
the sheath insertion site. This is less of a concern for Sapien
device placement owing to the short profile of the prosthesis
(<2 cm). Preoperative imaging will map the calcium free
areas, and angiography should be used before puncture. A
calibrated pigtail catheter will provide landmarks for the
puncture-to-annular distance, and this can be placed in the
distal ascending aorta through a 6F sheath placed within a
purse string suture of pledgetted 3-0 Prolene. The aorta is
then punctured at the center of 2 pledgeted 3-0 polyprolene
purse string sutures taken around the chosen point. The pro-
cedure should be performed in a manner similar to that
described; however, the 18F sheath should be carefully
placed to avoid excessive introduction into the aorta or slip-
page outside. Thus, we have used a silicon ring from an
aortic cannula to mark the 1-cm depth on the sheath. Each
purse string suture is tightened around the sheath using a
tourniquet, and one is tied to the sheath and the other left
loose. This allows for rapid tightening in case the sheath
slips. The sheath is then sutured to the skin for more secu-
rity. The rest of the procedure will be similar to that
described. Remember one can perform rapid pacing as the
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356 The Journal of Thoracic and Cardiovascular Surgdesired. Direct access can be achieved without thoracotomy
in many cases, and if an aortic repair was found to be neces-
sary, most cardiac surgeons will find the aortic approach to
be more familiar and less problematic than the left ventric-
ular apical approach. We have generally noted easier im-
plantation using non-ileofemoral techniques compared
with the transfemoral technique owing to a shorter distance
to the annulus. The system is then retrieved, the purse string
sutures are secured, hemostasis is achieved under direct
vision, and the chest is closed using a standard surgical tech-
nique and rigid sternal fixation using titanium plates (Bio-
met Microfixation, Jacksonville, Fla) to optimize stability
and extubation before transfer to the cardiovascular inten-
sive care unit (Figure 3).
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vena cava with the Glenn procedureKeisuke Nakanishi, MD,a Shiori Kawasaki, MD, PhD,a Ken Takahashi, MD, PhD,b and
Atsushi Amano, MD, PhD,a Tokyo, JapanThe bidirectional Glenn procedure has been used as an
intermediate stage for Fontan completion. In this staged
operation, a bilateral, bidirectional Glenn procedure is
performed in patients with a bilateral superior vena cava
(SVC).1 With the bilateral SVC anatomy, the small aperture
of the bilateral SVC reduces blood flow volume, and
unbalanced flow can cause the stasis of blood, unbalanced
pulmonary blood flow, and thrombosis formation.2 Toresolve these issues, a new surgical technique, which we
named the ‘‘unifocalization of bilateral SVC,’’ was tried
as a part of the Glenn procedure. We hypothesized that
single-vessel blood flow from the dual SVCs would
distribute to both lungs in a manner similar to that of the
unilateral Glenn procedure. In this study, we describe this
new surgical procedure along with results and surgical
limitations of this method.SURGICAL TECHNIQUE
We have performed the venous unifocalization in 9
patients since 2002. All patients who with a diagnosis of
functional single ventricle with bilateral SVC can be
subjected to this procedure. We used the novel method in
patients in whom the inferior vena cava (IVC) and the larger
or main SVC were on the same side; otherwise we
performed a conventional bilateral bidirectional Glenn
procedure, because the outcome of the new method hadery c July 2014
